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(54)Title: PROJECTION EXPOSURE METHOD AND SYSTEM 

(54)%»>Q<D4^«r^ »{^a3t^3£&U^SSB 




A projection exposure method capable of keeping a liquid (7) filled between a projection optical system (PL) and a wafer (W) even 
while the wafer (W) is being moved when a liquid immersion method is used to conduct an exposure, wherein a discharge nozzle (21a) and 
inflow nozzles (23a, 23b) are disposed so as to hold a lens (4) at the lip end of the projection optical sysxm (PL) in an X direction. When the 
wafer (W) is moved in a -X direction by an XY stage (10), a liquid (7) controlled to a preset temperature is supplied frdm a liquid supply 
device (5) via a supply pipe (21) and the discharge nozzle (21a) so as to fill the portion between the lens (4) and the surface of the wafer (W) 
and the liquid (7) is recovered from the surface of the wafer (W) by a liquid supply device (6) via a rccoyeiy pipe (23) and the infiow nozzles 
(23a, 23b), the supply amount and recovery amount of the liquid (7) being regulated according to a moving speed of the wafer (W). 
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5 i^m^m 

mxiii. i^mii^m=?-. mimm=F (ccdii) . mtemTFrn 

fi T -7 7> i7 A - > ^ <DS« ± II fe^T 5 ;t 86 Iw ffl ^> n s 

10 Rz^mmizmr^o 

^otztb. m%^^<Dumit\z^\'^itkmmtHL*^m.x^m^n^nyt^^ 

LT. ii^^-a(7)S7t?^fiH, K r FX^->-7l^--tl-*(7) 2 4 8 nmT$> 
25 ^7!>^. Mt3^iSS<^A r FX^->-7 U-lf 1 9 3 nm'b^fflib^no 
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R= k . • a/NA ( 1 ) 

(5 = k2 • A/'NA' (2) 

n±7.%W^'C-^^o (1) (2) ^,kD, ^^^MR^i^4e>^fc86lw. 

^jho:>moWL(Dmiziz^^x. m!^.^mf}m<fj.-ox^x\.^^. -eux, 
15 ^mi^mm^^oy-moyMmmtiznft^r^rzsbiz. mytm^omu^ 
m^mhmn^nxiiD. z<D^^x{tmf^mmt)m<rj:i)m€x, m 

tLx. mmimm&m-^tixi^^o zn\t. ^myt^?^<DTmt^:L;\ 
20 mmt(Drii^7i^. jL\,tmmmmm<Dm^xmrzL. mw^x(Dm^yt<o 
^t^&f)^, ^m.^(D 1 y ni^ initmi^cDmmmxmm . 2~i. eg 
m) izu^zt^mmLxmmm^\^±r^tPnz. mJ^.mm^^^^n^ 

\zt}:>±-r^t\^^'^h(DX$>^c 
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jL/\t-^mti^wji'Xh. &myi^j^tOJi/\t<Dr^izmw^^m.izm 
^%^M\z^^w,i(D^mmifijm\t.. myt\z-2xx^7.^ (r) 

15 BJt. ^(DTX^ (R) (7)/1i$^->$rS^7t^^l^ (PL) ^^n-bXSS 

(w) ±izmwr^^mmyt:^mz^i^x, ^<Dmm (w) 

lI?a-DT^tt}$it^l^{Z> ^CD^j^T^^I^ (PL) (D^omW. (W) 
(D^mm^ (4) (D5feifl5gB«i:^<DSS (W) (7)affi<i:CDrBlS:^fc-ri -5 
II. (W) (7)^tb:^lSlHtBoTm^<75?S#: (7) ^mT^'OlZ 

20 L/i'foOT$)^o 

i^m^^^ (PL) (D^JSgSBiS^.CW) <J:<75rB^3<>^'-eo?^<*:T«S§;t$n 

^tztti. m^mmiz^\^^mytyt<Dm&^^%'pizini^m&<D i/n 
f& (n ti?s^*:(D®jiT^) \zm.^^\tx^. -^\zm^.mm\t.'^m.^\z);t^ 
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{C {rf ^ U T -5 ^Jfe ^ T L ^ S C (h T&^'T # S . 
'A\Z. :i^%m\Z^^%l<D^^mtH:^m.\-t. S^f-AT-T 7.^:7 (R) 
^BSBJb, -?-(Z)-7 7.^ (R) (Dn^->^1Sim^^fk (PL) ^itX^X 

stg (w) ±.\zu^-r^^mmn.^m.\z^\.-^x. -e<75Stg cw) 

uT^ijb^-e-'2)g«;^^-v (9. 10) (PL) 
(D^com^ (W) #J(D^^5^^ (4) (D5fe^^gBt^C0S« (W) (D^ffi 
(hor^l^-^/i-r (C, {tt*&ffl(^S2W (2 1a) ^r^O- LTm^:^f6]lC«i 
oTm^J^?^^*: (7) ^{^$&T^^#:fft$^-^fi (5) i:, 
gS« (2 1a) <i:#^iI^<Dm^;&lRjlw^(D^^t:-ACDHB|^^igt^^ty 

^'^\zmm.^tiftmWim<DW.m (2 3 a. 23 b) ^^^-lt-^-oss 

(W) (Dm.mti-^^^<Dm.W (?) $rlHlJR-r-5tiS^I51JR^m (6) i:=£W 
L, ^(Z)SS7.5^-->* (9. 1 0) ^mW]l'X^<Dm^ (W) ^^(DH)f 

-5-<7) 1 *rcD«*&ffl(7)i2W (2 1a) StJ^S^fflfflcOifi^ (2 3a. 
2 3 b) S:|ISt6*J{I 1 8 0° HIS L ;'tiE§0^ 2 C7) 1 *f <D^$&ffl <7)i21S 
(2 2 a) , ^XSm\^m<7>m'^ (2 4 a. 2 4 b) ^IStt^ C <b;^>^'MS 

Llio zo^m-t. sts (w) ^^<Dm^(D:^\^t^iii<D:^i^izf$mr^ 

mzlt. m#<7) l*tcDi2«^fflV^^C<i:T, ^(D^B^^^ (PL) 
5fe5flsgBi^cD^« (W) (Z)^® i:<DPBl$r-^0?|g# (7) (CfcO^^lC^ 

^tz. (r) <j:sts (w) t^^<Dikm^ 
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(PL) izni.xmn^WiLxn^t^no^^m^m-vh^Wi'^. 
^bi.^, z-c^m-^. ^^m%^^mm.\.x^<DiSLm^^ik (pd (d^ 

omWi (W) mo^^^m"^ (4) (7)3feSSgB<i:-e«^S« (W) (DnMt<D 

1 a) S:lKS^aiffi<7)SHl= (2 3 a. 2 3 b) iC^tJ^^TSlBST 1 *f , X 
« 2^*(Dftt*^fflOiBW (2 7 a) , Rt5fi^{±5ffl(7)i2^ (2 9 a, 2 9 b) 

^Ifttt^ Lt^c SIS (w) $^(Dm^(D:^f6]Hii: 

^-r^:^\^it7.'Tyzff$m^'^^mzh. -^<D^m^^^ (pd 
<sjggB<h-?-a5S« (w) <Dmmt<om^tomw (7) icio^fcUiggit 

■^tz. ^(DmwL7.^-i^(D^mmmizjt-cx^<Dmi^ (?) oms^s, 

mmyj^M^ ^t'^\zitto:>m^m'&'pt<s.<T^ztx. -^(d mp^ ^ m^tsi 
<^(D^myt^^ (PL) 09ct^^t^(Dmm (w) (Dmmto^miz- 
mizmrzvxii< z tt^x^^o 

^tz. t<Dm^ (w) (Dmmizm^^.n^'t(Dmi^ (?) \t. -mt 
Lxm^(DiEim\zm^^titzm7i^^ xity ym^T^^mi^x$>^o z 
<Dm^. myi(^\-^mpiit^mi$-nmxmxit^(Dx^^^^Bx$>'o . mm. 
&^izhmm:^^u\^K ^fz. "^(omw n) ij^^mi^m^tix^^^^rzsb, 
mu^mo^fSimmm^n'D z tf)^xt . m^^iz^c^miz^^m^ 

(w) (Dmim^^^<'zt-f)^x'^^o ^(Dmw\tm^\:i—ix\zt^-t^^i^ 
mm^^m\^^y5t)m^L\^^(Ditmmx$>^i3^. mjii^t)m^^m^x^s ^ 
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(R) izmmr^mm^^ n) ^o-^7.if<Dn^'-><Dm^mwL 
(w) ±ir^^T^^^7t^5^ (PL) ^<Dm^ (w) ^^nvx 
^i<}$i^^st57.x-->' (9. 1 0) -^(Di^mye^^ (pd o-^ 

(Dm^ (W) mcD^^m^ (4) <D^^gB«l:-ec7DS« (W) CDS®<i:<7) 

ri^^mtL-tjiviz. m^mo^m^^ (2 i a) ^i\-Lxm^:^\^izYii'DX 

m^<Dmi^ (7) <£{ft*&T^?S#:^*&^S (5) ^(om^^m<Dl^'s 
(2 1a) i*iI-?-(7DplTm:^[^(I-^<Dm7tti-ACDBS|;t^Mit (4) 

ts^olz^m-^tlftmihmo:>^im (2 3 a. 2 3b) ^rO-UT^OSIS 
(W) (D^m^^^'tO^m^ (7) ^lHliRr^^S^*:|HliR^g (6) i:«rm 

(R) -^(7)-77.i^ (R) (7)/1^$'->S:S^7t^^ (PL) «r 

iiT^xgti^Di^TSts (w) ^m^y5\^izB-oxf^m^-^^^^^^z. ^<d 

(PL) (W) m<D^^m^ (4) 03t5SgB<i:^ 

(w) c:)m.mt<Dfii^mtz-t^o\z. -^omw, (w) (D^m:^\^ 
\zB-z>xmm(Dmi^ (7) ^n?t-r«k-9titfct)<^T$>o, sss^A^JSffl 

'Aiz. :iF-mmiz^^m2(Dt^Bm^:^mit. myt\i-2^x-T7.^ (r) 

^mmL. ^m^^^ (PL) $:^LT^<7)Sl7tt:-ATSS (W) ^ 

;^::-r«tr>lci^#: (7) ^mrtt^iz. ^(DSt5cD^iJj:^[^(lJt> 
CO nJE-r fS] ^ ^Mk $ it ^ <^ T ^ . 
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^m^^^ (PL) (w) t<Dm^^'t(Dmi$^r-mrzi^n^rztb. 

5 {zjtfj^^o ^tz. •^(Dmw.cDf^W]:^\^iz]t^cx^(Dm^^m-r:&\^^^ 
it^-^^z.tiz^o. t<Dm^(D^m:^m:^mmizmtr^m'tx$>'D 
xh, ^<D^m^^jfit'^<Dm^t<Dmiz^(Dmi^^mftvx^< zt 

10 ^(D^wj:fDi^izm^r^m2 0!i^tiz6^nrzt^. -^(D^im^^^-^io 

^j:z>iz^(Dmi^ (7) ^m-rztf}m^Li^^o cniciox, ^om 

m. (w) <Df^m:f5^^tm^^(Dm{$^(Dimm0^^f)^'i^-^<u^rzi!b. 

15 ^Tz. t<Dmm (w) <D^W}:^^izi^\^m':>xmcj^^iz^<Dmi$^ 

(7) ^3fE-r:i<i:75«.kOM^H<i. 
S/c. -^(DmW. (W) • T> K ♦ U e- h;^^Xli7sT-'y 

y • T> K • 7.^^>:;&5i:Tll7t^n-2>^^icii, ^OS^g (W) 

20 ^<Dll^t:-A{C*rLT-?-<7)'77>i7 (R) (W) t 

^^ti'enmmwjLx. ^<Dm^\z-M.xt(Dm^^^^mytr^t 
thiz, -^(DM^myt^. 't(Dm^(DM^:^\^izis.ma^x^<Dmi^ 
(7) ^m'rztf)m^L^^o 

^Tz. ^o)mw. (w) (D^^wimm^zjt-cx'tomw u) (Dmm^m 
25 mr^zt^m^Li^o 
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^^ajlc J:^^ 2 otSj^lS^gSli, Sl^h'-AT^X^ (R) 
5 ^HBHJL, i^myt^^^ (PL) ^^n-UT^cDMT^ih'-ATa^g (W) ± 

10 mf}^^:^^m(Dm2(Dikmm9tmmiz^tnt. ^^m(Df^2o^mm 

^/t, ^<Dll7tb*-AlC^L.T-^<^^Xi:7 (R) t^cT^SS (W) t 
15 ^-en-?-'nffi*f^»!)-rS7.7^-v? • ->7.5^A (RST. 9-11) <S:S€ 

(D^m:^\^izis.<,^r^-DT^(Dmi^ (?) ^nfiTciiTjj^'MSL'Vi, 
^fc. ^<D^^7t#i^ (PL) <h^<7)S^ (w) t<Dmiz^ii^-^nft 

(7) $rI5]iR-r^?0t<*:llliR^g (6) SrMlCfii^^ d tT&^ll* LV^, 
20 ^fc, ^0«^^*:{*$^^S (5) (Dmtn (2 1a) t ^<D^#:ln]iR^ 

g (6) cDinjRp (2 3a, 2 3b) t\t^<Dm^\i-2^(Dmmmm.^ 
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$>^o meit. ms<D^myt^^pi^A(Du>X3 2g)9ci^^32At 

xyo\^m<Dmih y X)v:BLZsmxy X)vt(DitLmm^^^^-rmx-^Zo m 

7\t. mS(D^Byt^^PLA(DU>X3 2<D^m^3 2At. Y^jJ^ 
^ H ifg T ^ Ji) CD ^ ^ (D S 

1 ^^eS^tb^nfcitS 2 4 8 nm(Di^n/^;UX^<fc D/cH^llTt^ I 

->H, Mt'J (Xti':>XAW«iJ(cM-ffiiJ) 5^W-fe> h U vi^3^tSi^^#5^ 
PL^:^M^Tm^(7)S^^i5 3 (3tiF'JAli 1/4. 1/5^) X'y:t 

S^Tt I L iiLTlt, A r F X^-> V (iSS 19 3 nm) . F 
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2 V — 1 5 7 nm) ■^7Kffi^>7'<7) i (i^g 3 6 5 nm) 

bT'bJ:U« £JlT, g^Tt^mP L<7:)7t$ltlAX(z¥fTl3Z^$: 

® I C ¥ 1 1 X llh «r 55 o T itt ?g T S . 

i^R s T{ciix:3^[S]. yIj^. !£ife:^fS]{;:i/5^^;uR^^i!jt-^mm7&^ 

^nx^^^c Z7.7"-v9l*S:J^3\S#^PL(Dmffii^M6*){-^ff^j:X 
Y^®(Ift^oX^ibr-5X Y7.5^— 1 0±{CH^$n, XYTsT---:/ 
.1 0 1 1 ±iCi£B$nxVi^. Z 7.5^ — 9 li, 'j7X/NW<07 

:f-:^3XfiS (z;&rfii<^fi:S) , SD^<«i^^^^i'#LxX':'XAW±(7)^ 
LCD^®(c^t5-&iA^, X Y7,7^- V 1 0 {i':>x/NWox;^rS], r^/y 

:3&l^]0D{>LSi^J6S:fT"5o Z7>5^-v^9 (-^zx/NW) <7) 2 :;^7t;6*)?'j:^S. 
J^t;^lHJ^ftlt> i^illlSl 2(Z)fi[SiLXU— tf^^Stl 3H«koX'J7 
;i':$'-r Aictti"i$tixii^» z:c7DatSJJM^tiSo'i/iX^^J'#^ 1 47&^€> 
'^XA7.T--->*iESbm 1 5 H^iJiai+ilSTi^'iibn, cmtwS-ri^i/^XOxA 
7.5^-v^lKij!)5^ 1 Z7.T--V9, X Y X 5^- 1 0 (Diiif^^ ^J'li 

yi^ibL. l/5^^;PROA^->^^^7tT^iJjf^75^'7.x^y y • T> H 

$X. *^JXlill7tidt:g^llWS^{::M< LX^^ig«:|Sl±-rS<i:#^tC, 
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5 ^iR^rtT-S^I^ 3 ch, ^CD U >X4 <i:^W LT43 D , W >X 4 a^^^^tz?^ 

^PLco7t^it#i4, mx\t^m mmum. nviR^i?) (Z)pgE{rffiii 

(¥^t¥®^#) T$)OT'bcfcVio ^fc. il7t7t<7)SSlt 

m-^^mf^f}'^&<Ur>X^^\^^. >5^:h>XZiX K (^>X>:y3X 

20 m7^\tuyxA ^^muw-'fTW-m^fr^^o\z\^x^ii 

nm\.x^. i ^\%itt^m.m\z^(^w^^n^^^'^'^^ft\-^x 

25 «k<, m'i^l h\^^t^'k.'^m^^V>Xh-t^^'^\Z)iL^X^<r>'^^ 
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ntitSt^l. 4T$>-&fcJ6. K r FX^rvVU'~-if^(^igES2 4 8 nm 
H, '^X/NW±T« 1 /n , m%mi 7 7 nmlzm^^it-^tlXM^^M 

m-^nxi^^^'^^ >^'^p^(Dumtmmmizmm^rLx\^^^o ^lt, « 

J^7t#=?S P L U > X 4 (D5fe3fSg|5^X;^[t] (I^tri "5 ll5fe5SSB7!>5i8 < ^^t 
-DtzW^y X)V2 1 a> St;^5feSSSB7&^l2:<fJ:o/i2 0(7)8lEA/XJP2 3 
a, 23b (liI2#BS) 7:?tEa$nT^0> t±J 7 X;U 2 1 a JlfftlS^ 
2 l^^\.XWLWm^^m.b\Zi^m.-^n. m.X^X)V2Za., 2 3bli 
lEliR^2 3 $::n-LTM#:lEliR-^S6 tll^m^nTli-g). Mtl. ^(Din 
(Dm^y X)12 1 a, :Rl/ofiAy X;U2 S a, 2 3 h^m^l 8 0' m 
mVtz^mcD 1 n<DJX}V, JSLZJ^'t<D]^>X4(D9ctm^^^Y:^\^lZiktS 

^o\z^m^nti2n(Dm^/ X)i. Rz:f^mxy xji^h^m^nn^^. 
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1212 li, mi (7:)J5^7t¥mPLOU'>X4(7)5fel^SC4 ARD^-^ZXAW 

yx;w2 1 a*^. - x:^j^m\zm.x y X )i 2 3 a , 2 3 b^^-^-n^nis 

E^nTl-i^o Src, DiEA/ X;i/2 3 a , 2 3 b t3:5fe5SgB4 AOtf'.jix^: 
in<Dmihy X}12 1 a, RD^ggAy X;b2 3 a. 2 3 b^Sti 1 8 0 

' m^L/^iissTSUo i^*<7)^myx;P2 2 a. &u^?tAy x;i^2 4 a. 

2 4 b7^^'i2M$n, mmy X)i 22a 2 2 =&:fM^T??5^^{ft^§i^ 

SSlCjiig^n, 0SEAyXJU2 4a. 2 4 btilHliR^2 4 ^:;M^T^K«: 
I13H, ^ 1 <DSj^^^^5^P L<DU>X4<D^5gBB4 A^. 

o:)9cm^^4 A^Yyj\^iz^ts2n<Dmihy X)i':Bi.umxy X)it(DitLm. 
PsC^Sr^u, :i<7)Bi 3 {c43ViT, ^tiroSB 4 A(D + Y;&fo]fijfc:S^ai y X;w 
2 7 3*5, -Y^ffiiffliitcitAy x;i/2 9 a. 2 9 b d^-^n^'nggs $ n. 
mthyx)i2 7 aitm^^'^2 7 ^iYi.xm^m^^mmt>\zi^f^tn. m 

XJ X)V2 9 a, 2 9 b 13:111 iR^ 2 9 ^^^^ LT?S#:[hIi1X^E 6 
nxVi^S. %t:L. \n(r>m^J X)V2 7 a. S-LI^^oitAy X;P2 9 a. 2 
9 b$:(5{^ 1 8 0° m^L^ciSST'SiJCO 1 *l<DSf iil / X;U 2 8 a, RI/^ 
nSA/X;i.3 0a. 3 0b7:?Wfi$n, SfttJ7X;U2 8 ali#^*&W2 8 
?£^LT?S#:#^*t^M 5 ;ii$^$n> oiiAyX;P3 0a. 3 0bHlH]iR 
^3 0 Sr^n-LTiSft^HlilX^Se {I}|E^$nTI/i^. 5 
^jiS&W2 1. 2 2. 2 7. 2 S<D<}^tS.< th-^^'f\-\^TU>X4(D9c 

im^4 Atoji/sv^ t<Dm\zi§imwm-^nrzmi$-^m^!^L. mwm>R^ 

S6 JilEliR^ 2 3 . 2 4. 2 9. 3 0 O^J^nj: < t — bT^<D»0! 
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I212(Z4DliT, ||^T^r5RH]2 5 AC7):^f6] (-X:^fS]) IC'::7XAW 

2 3 a. 2 3 b ^:/t'bT'^x;NW±75^e>a# 7 ^!Hli|X-r^. z:(^<i:^. 
\-tOJL;\\N ±.^^^2 (-X:^!^) tC85nT430, '^7 

2 .-^JSri^T^r^En 2 6 A(^:^[^ (+X:^f6]) iCi^XAW^Ts 
10 7"«y:^^i!i$i±-5l??JC{i, *S<*:#^l&-3^M5li^*SW2 2, jRI/^S^ffiyX 
;l.2 2 a=&^fflLTU>7:4<D5feJflgSI54 At':7XAWi:0^^{C?S«i:7«r 
e^Si&L, ?ee^lHliR^S6 «lEli|Xlf 2 4Rt;^SKAy X;P2 4 a. 2 4b^ 
'ggffl UT?^# 7 ^mJKT^o ^CD<i:^. 7 H'^X/NW±$r^W 2 6 

B0D:3^fti] ( + X:;&I^) {CSgnx^SO , -^x/NWi: U>X4 <i:CDFB^td:^<4s 
15 7llJ:0M/i$n^, C^J^-^lw, *:^J<7)^^iS7t-^ST«, X:^i«ll' 
SIMZSSL:^ 2?*<7>S^{±l/XJl/<J:8gAy X;U<h^^ltTVil»fcJ*. 
XAW^ + X^fS], X«-X:^[S)0<i:t.eiC^Ii!)-r^«^lw=b. r^x/N 
W,1:U>X4 ic^ra^^fS^*: 7 (CcfcO^^tC-^fcUMtt^ ::(i:755T#-5. 
^Jt. i^f*: 7 7i«':7X/NW±^diEtl^/::is6, 'j7X/NW±{ZS#l (l/i^X 

(DTi§,B.mm.i)^nr:>rix , m^comz^c^m\z:^^^:i./\(DnMm\z^ 

^S^a^t^iifS^^CDfST^rESCCiT&^T^^o ^a^-^T, EGA (X> 
25 /N>X h • yo-/\';U • 7 ^> h) :^^a)T^-f K<^J:e)lw. 
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mn^o ^fz. ^nL/\^+Y:^\^\zx'Ty'X^m^'^^^\z\ts 

2 8, mihy XJl 28a, IeIJR^ 3 0 JSiZSmX yX)U3 0 3 0 b ^ 

mm i.xmii^<Dmi^'^RzSMi\sLf}^nt:>n. mmt9cm^4A<Dm.T<Dm^ 
mm±^ + y:^^\zmti^o ztuz^y). i7JL/\'w^x:^\^iz^Wi-r^ 

m-^t^miz. ':7XAW^ + Y;5r[6], xi,t-Y:^m<DE-^ ibiz^Wj-r^ 
m^^X^-oXh. ^JL;\^tU yX4(D%m^4 At(Dm^mw- 7 \ZX 

v)mfz-tz.iii3^x^^, 

X}\^^m-fxhx\^^c 
:^\z. mw7 om^i^m^ jsLZ^^iiSLm(Dmm:f3iiiiz-D\.^xm.m-r^o 

$^Rl/^!ll»Rc^*i^^^L'> Z(Dm4lZii\^^X. ':7XAW«5cEn2 5 A(D 

(-x:&f6]) iz^wjLx^D. mihyx)i2 i a ^omt^^tif^m 
^7 It. ^m2 5B<DiDji^ (-x:^f6]) izmn. mxy X)\^2 3 a, 2 
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i (m' /s) ilsJiRMVo (m' / i:^^L<L. ^/i, XY7. 

V i = V o =D • V • d ( 3 ) 

wCT. m 1 tI*-rJ:'5{lD«W>X4 05tSSgB<7)it€l (m) , v« 

X Y7>^-->' 1 0 (7)5^»3iig (m/s) , d t^iSI^Tt^^P L(D{^iftgg 
fll('7-^>i^-T'-i'7.:$'>7.) (m) T^S. X Y7>5^-->* 1 0 ^rJT. 

DRlKd*S^8?)A:t;$nT^iS^fe, (3) ^tCS^l^TiS^::? 
cD#t,^MV i . RU^lHliRSV o ^PMT^ :i ^T. Ei4 OW>X4 (hr:? 

T&^'M^bVie LTS^bTitTi^'b. f^iftSggld:*^'/h$i§#'^<i:'^XAWCD^® 

its, j^t;jfi£^iiiiR-;gM6^^^TiE®EiT$>o, zom 4 \znfL>r ^ 
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gP^l-l^ — ^-^^MLT^ria 5 IC:43^iT, ^myt^J^P L A(Dm.fBi 3 

l"ik\Z. ^ JLf\\N(D7^J-v }i. y \Z ^ X'^CDzy B v hM^75^^^Wi6 

A^x:)^iS]{ci^trJ;-5ic + x:j^r6i#Jti 3<@o«^itiy X;w2 i a'-2 i c 

75«iBM$n, -X:5&|p]{i|{3 2 1@0?JitAy X;i^2 3 a, 2 3 bT&^'IBS^n 

^LT. g^ffiy x;i'2 1 8-2 1 c ti«$s^2 1 -^ixx^xmwik^^ 

m.xi\Z^m.^n. BiiAyX;U2 3a. 2 3 blil5]iR^2 3 ^:frLTf8cfl: 

ii]iix-^M6 tri^^^nrii^c ^ttiy x;W2 13-210 iiSitA 

/X;U2 3 a. 2 3 \> 8 0° 0^ LfciS® (I , S^I±i/X;W2 

2 3-2 2 c chditAyX;i/2 4 3. 2 4 b i ^iSS LTl^i^c fi^itiyX 
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;l/2 1 3-2 1 c tfMX/X)l2 4 a. 2 4 b t\tY:&\^lZ^M.lzmm 
$n, X)12 2 ^-^2 2 c tmxy X)12 3 &. 2 3ht\tY:^ 

\^\z^s.iz^m^ti. mihyX)V2 23-22 citmf^'^2 2^'^lx 

I^^^^^SS Hi^M^n, mXJ X)V2 4 Q., 2 4 blilH]iR^2 4 
•&T^^S7¥;^fTe)^'&l'lt. ^$&W2 1 . mihyX)V2 13-210. 

[niiRTg2 3, s.z^")j?tAy x;i'2 3 3, 2 3 

Rzsmi^mi'SL^me iz J:: -0x^.^7 om'fi^Rzsm^^n^^. vyX3 2 

t':7XAWi<7)rB^^^^wr«k-9 {C-X:5r6]lClS<*:7 ^rtr. ^f::> 2.^ 

fio^^\z\%. >^^m2 2> mti^yxjv2 2 3-2 2 c> ih]irw2 4, 
:&t;^8£Ay x;u2 43, 2 4b ^mm vxm^7 (Dmmi&.zs\BiiR'tn\^^^ 

^^:^\^iz];BCxm^7 ^^•r:^\^^WKi^x^zt\z^y). +x:&f6], 

Xti-X^itOO£^ bCD^fRjtC^XAW^&^SEf S^^lCfo, 1^>X3 
2(D9cm^3 2 A OLJ\^N t(Dm^mi^ 7 lick 0 V^I/cT i:7i^T'# , 

Vi=Vo = DsY'V'd (4) 

ZZX'. Dsylt\^>X3 2<D^1i^^3 2A<DX:^\^(D^-^ (m) Tfe 
zn\zJ:^XM^m^^lZii\.^XhU>X3 2 f^XAW^tZ)?^^^: 
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^m^\zit. Yy5\^\zMn^nrzmi^/ X)V2 7 a. Rumxy X)V2 
9 a. 2 9 h^mmLxmi^i (Dm^^iSLUmi^sL^n^^. ^rc. 

-rY:^\^\z7sT-yX^W}^'^^m'^\z\t.. Y:&i6]ici22FiJ$nfeS^ffly X 
}i2Sa. Rzy^mxy X)i3 0 a, 3 0 h ^mmLxmi^i (Omi^l^RZ^ 

Vi=Vo = Dsx-v*d (5) 

ZZX\ Ds^\tU>X3 2(D^1mm3 2 AOY^j^tiom-^ (m) XBb 

mi<Dmmmtmmiz. Y:^\^\z7.y'yy°^m^'^^m.izhOJi/\ 
^(D^'Wimmvizmcxmi^-i (D^mm'^mm.-r^ztizxo. u>x 
3 2 t'yj^/\vjt(Dm^mi^7\z^Kimrzi^mi'i^zt^^x^^c 
y.±<D^oiz^ji/\w^^Wj^'^^WJz\t. ■^<D^m:b\^\zfL^ctz:^ 

^ji^fe. ±tio:>mm(Di^^iz4o\^^xmw 7 tLxmrn^tii^mi^^twiz 
m7^i.zmm^n^^<Dx\tu<. m^^iz^r^mm^fj^h'Dxxt^ 
tz\<immmf}m<. ^tz. ^s^yt^^-^o:L/\nmizm-^-^rix\^^^y 
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xh^<. z(Dm^\tMi^'^tirzmi^7t)^ib^mm^m^-t^y^)\^^ 
^:Lt\%mmxiib^ti}t>. z7.j—-j^i}'^^m.wi3'imnfi,\^^^o\z. m 

\^izm^xmi$i7 ^mi^it^^^, ztuz^y). z^^^y^ • t> h • u t 

-h^^. Xti7.5"^y y • 7> F • 7.^^ >;^S: (^(C 7> 5^ «:/ :/ • 7 > 

fjm^f^ mx\tm.^msum.) xmm\zmt\.x^. ^n\zi^m\.x 
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r^rztb(D^mmytm^\z^]t<mmx't^o 

$ ii^fflH?.B>^^iLT(DD.F B^^{$:u— 7< A'u- 
>:7A (Er) (Xlix;i/h''^A t-r <y 7";i^b'':7A (Yb) (Omij) f)^ \^ 
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Kmmm¥fitvx\t. m^i^^mm^ms 78822 smzmTj^^nx 
\,^^j:oiz. mm<Dmt}ryt^m'ft 2-0(0 Rm^^m'^^ ci^uKth- 

},tm^Lrzm^m<Dmmmi5<Dt^'rmKi \z^\,^T ::<DMmwn<Dm7r:^ 
^^SLT. mizi^'^mm im.m.mm> wii^wmm) ^-r^z.tiz 

mm. iBiUmm^^ti. 1998^3^26 Bnm\^<oB:^mf^y^\hm 



wo 99/49504 



PCT/JP99/01262 



23 

^10-7926 3^(D±T<Dm7j<P^^\t. ^o<D^(7)^^?I^LT 

7.m^M^^^^KixmMxt^c ^tz. ■^(Dmm^m^:f5\^izB'DX 

0mi3R(D^mt(Dm^mrz-r<ii-oiz. ^<Dm^(D^W):&\^izB^x^<D 

-^(DmucDmimtcDmit^o^mi^^iz^ vmtz-^nx. mm^-fi^mmx^ 

15 mLx\^^^^m^mL^^ztf)^x'^, mnn&<D^mKico\^±^m^ 
ztf}^x^^ti^^m.^.f)^Sb^o 
'A\z. :iF^mm(Dmixitm2(D^§em^mm.iz^n{t. ^mmof^-i 

z^(D^mmmizjt^\:'X't<Dmiipi(Dm^m. rixihurm mm) ^mm-r 
20 ^m^izit. ■^<D7.y'-i^(Df$^Wimmf)mitLxhi^myt^^o:)9c^^ 
tmwi(Dm.m±(Dm\zn^-t ^'t(Dmi^(Dm^-'^iz^^z. tt^x"^ 



25 
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11 ^ Sb H 

%^m^m<D%^m=t(D^^^tmum^(D^Mt(Df^^mfzr^o\z. 
« ffi 05 E w ^ ^ b T m ^ ^ iRi t c i9 -D T m ^ ?s # ^ {ft -r ^ ^ ^ 

m ^ ^ .i: "5 I c S5 M ^ n m ffl <^ IB ^ :fM. T Str IS a IS <^ ^ ® ^) 
BtFiaatS 7. 7" - ^ iKift L T mJlfiStg ^ M8£m^:&f^ a o T^SIj $ 

4. m^<D^m2. xit3ts.m(Dikmm^mmx$)':>x. 
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8. m^\i~^^'^7.c^izwM'r^m^^^t. mbe-^t.^cd/'^^-xd 
m^m^±\zu^'r^^Byt^^t, mtzm^^m^i.x^wi-^'&^m 

15 mu<Dmmt(Dr^^mrz-t^'D\z. mfi^m(DWi'^^iffLxm^:^m\zB 
-DXffi^cDmi!^^ mf^-r ^mi^^'^'^m t . mt^iM^mo^"^ t^izm 
i^m^:^[^izmm^\i-M.<Dmmmi$.^mtsJ^viznim.'^nrzp^ihm 
(D^m^itvxm^mwL(Dm.mt^^mu^i^t:miisL-r^^wm'a^mt 
^m^<D^mmmxm?^±ii^zt^nmt't^nmm^^m<Dmm:^ 

20 

^.^'St\.xm^±\znm--t^mit:Lm^-^?^. mm%i:u\z^\^^x . m 
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d t ^ Jitti t T ^ S . 

12. %n:^commi omm<Dnmm^:^mx$>^x. 
m%^&m(D^W]yj\^\zi^{im-Dxmc^^izmt^m^^m-r:iL^^ 

15 13. m:!^<Dmmi 2$zm(D^mmyt:^^x'$>^x. 

14. Ht3i^<75|gH 1 2 X« 1 3fBi£C0^^il^:Srj*T$>oT. 

LT, mt^myt}^-Axmum^^M^mytr^tthiz. mti^^m 
yt^. mum^co^mi-^ft^izmm^xm^mi^^mrzt^'^WLt't 

25 mEmmo^uwjmmizit^cxmt^mi^omm^mm-r^zt^w^t 
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1 6. mjk<Dmmi o~i s oMni^^-^t^fS^oi&Bm^ij^^mi^x. 
tj t # SS[ ^ T s A* < X (Z) isi it :^ & o 

7.^^ yz^^xmyt^ti. m^m^^^^mit. ni!^mm(D7.y^y\^> 

2 0. it 3i< <D |g H 1 7 — 1 9 <^{5jn7!>^— lllSi&OjSj^^7t^S"C^oT. 

2 1. it5^(DigH 1 7 - 2 0 Of5in*^-^SB«<7)tgj^S^-^S"e*oT, 
SOIB^]^ 1^ > ml SSa 1£ <t (7) (I $ n «t ^ iHl iRT ^ ^ 

2 2. iS^(D®ffl2 1 iBmoS]^ll7t^MT$>-QT. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
danages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Technical field this invention relates to the projection exposure method and equipment using the 
immersion method in more detail about the projection exposure method used in order to imprint a mask 
pattern on a photosensitive substrate at the lithography process for manufacturing devices, such as a 
semiconductor device, image pck-up elements (CCD etc.), a liquid crystal display element, or the thin 
film magnetic head, and equipment. 

Background technology In case a semiconductor device etc. is manufactured, the projection aligner 
imprinted to each shot field on the wafers (or glass plate etc.) with which the image of the pattern of the 
reticle as a mask was applied to the resist as a photosensitive substrate through the projection optical 
system is used. Conventionally, as a projection aligner, although the reduction projection type aligner 
(stepper) of a step-and-repeat method was used abundantly, recently, the projection ahgner of step - 
exposed by carrying out the synchronous scan of a reticle and the wafer and - scanning method also 
attracts attention. 

The resolution of the projection optical system with which the projection aligner is equipped becomes so 
high that the numerical aperture of a projection optical system is so large that the exposure wavelength 
to be used becomes short. Therefore, exposure wavelength used by the projection aligner with detailed- 
izing of an integrated circuit is short-wavelength-ized every year, and the numerical aperture of a 
projection optical system has also been increasing. And although mainstream exposure wavelength is 
248nm of a KrF excimer laser, no less than 193nm of the ArF excimer laser of short wavelength is being 
put further in practical use now. 

Moreover, in case it exposes, the depth of focus (DOF) as well as resolution becomes important. 
Resolution R and the depth of focus delta are expressed with the following formulas, respectively. 
R=kl and lambda/NA ( 1 ) 
Delta=k 2 and lambda/NA 2 (2) 

Here, the numerical aperture of a projection optical system, and kl and k2 is [ lambda of exposure 
wavelength and NA ] process coefficients. (1) In order to raise resolution R, when exposure wavelength 
lambda is shortened and numerical aperture NA is enlarged fi-om a formula and (2) formulas, a bird 
clapper understands the depth of focus delta narrowly. Although conventionally exposed by the 
autofocus method by the projection aligner by doubling the fi-ont face of a wafer with the image surface 
of a projection optical system, for that, the depth of focus delta has a desirable thing large to some 
extent. Then, also conventionally, proposals which make the depth of focus large substantially, such as 
the phase shift reticle method, deformation illumination, and a multilayer-resist method, are made. 
In the conventional projection aligner, the depth of focus is becoming narrow like the above by short- 
wavelength-izing of exposure light, and increase of the numerical aperture of a projection optical 
system. And since it corresponds to much more high integration of a semiconductor integrated circuit, 
the further short wavelength of exposure wavelength is also studied, with this, the depth of focus 
becomes narrow too much, and there is a possibility that the margins at the time of exposure operation 
may run short. 
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Then, it considers as the method of shortening exposure wavelength substantially and making the depth 
of focus large, and the inmiersion method is proposed. This expands the depth of focus by about n times 
while it fills between the inferior surface of tongue of a projection optical system, and wafer front faces 
with liquids, such as water or an organic solvent, and its wavelength of the exposure light in the inside 
of a liquid improves resolution using a bird clapper by 1/n time in air (n is usually 1.2 to about 1.6 at the 
refractive index of a liquid). 

In order that a liquid may come out from between a projection optical system and wafers to the next shot 
field in case step movement of the wafer is carried out after ending exposure of one shot field if this 
immersion method shall only be applied to the projection aligner of a step-and-repeat method, a liquid 
must be supplied again and there is un-arranging [ that recovery of a liquid also becomes difficult ]. 
Moreover, when applying an immersion method to the projection aligner of step - and - scanning 
method temporarily, in order to expose moving a wafer, while moving the wafer, the liquid needs to be 
filled between the projection optical system and the wafer. 

When an immersion method is applied in view of this point, this invention aims at offering the 
projection exposure method which can fill a liquid stably between a projection optical system and a 
wafer, even if a projection optical system and a wafer are displaced relatively. Moreover, this invention 
aims also at offering the manufacture method of a highly efficient device using the projection aligner 
which can enforce such a projection exposure method, the efficient manufacture method of this 
projection aligner, and such a projection exposure method. 

Indication of invention The 1st projection exposure method by this invention In the projection exposure 
method which illuminates a mask (R) with an exposure beam and imprints the pattern of the mask (R) 
on a substrate (W) through a projection optical system (PL) In case the substrate (W) is moved along the 
predetermined direction, a predetermined liquid (7) is poured along the move direction of the substrate 
(W) so that between the points and the front faces of a substrate (W) of the optical element (4) by the 
side of the substrate (W) of the projection optical system (PL) may be filled. 

Since according to the 1st projection exposure method of this this invention an immersion method is 
applied and between the point of a projection optical system (PL) and substrates (W) is filled with the 
liquid,-izing of the wavelength of the exposure light in a substrate front face can be carried out [ short 
wavelength ] 1/n time (n is the refractive index of a liquid) of the wavelength in air, and the depth of 
focus spreads [ be / under / air / comparing / it ] about n times further. Moreover, in case the substrate is 
moved along the predeteraiined direction, in order to pour the liquid along the move direction of the 
substrate, in case a substrate is moved, it is filled by the liquid between the points and the front faces of 
a substrate of the projection optical system. Moreover, when the foreign matter has adhered on the 
substrate, the foreign matter which has adhered on the substrate is poured with the liquid, and last thing 
is made. 

Next, the 1st projection aligner by this invention illuminates a mask (R) with an exposure beam, and sets 
it to the projection aligner which imprints the pattern of the mask (R) on a substrate (W) through a 
projection optical system (PL). So that between the substrate stage (9 10) to which hold the substrate 
(W) and it is made to move, and the points and the front faces of a substrate (W) of the optical element 
(4) by the side of the substrate (W) of the projection optical system (PL) may be filled The liquid feeder 
which supplies a predetermined liquid (7) along the predetermined direction through piping for supply 
(21a) (5), it has the liquid recovery system (6) which collects the liquids (7) from the front face of the 
substrate (W) through piping for eccrisis (23a, 23b) arranged so that it may face across the irradiation 
field of the exposure beam in the predetermined direction with piping for the supply (21a). In case the 
substrate stage (9 10) is driven and the substrate (W) is moved along the predetermined direction, supply 
and recovery of the liquid (7) are performed. 

According to the 1st projection aligner of this this invention, the 1st projection exposure method of this 
invention can be enforced by using those piping. 

Moreover, it is desirable to prepare piping (22a) for one pair of 2nd supplies of the arrangement which 
rotated 1 80 degrees of one pair of the piping for supply (21a) and piping for eccrisis (23a, 23b) 
substantially, and piping for eccrisis (24a, 24b). In this case, filling between the points and the fi^nt 
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faces of a substrate (W) of the projection optical system (PL) with using one pair of latter piping with 
the liquid (7), in case a substrate (W) is moved in the direction opposite to the predetermined direction 
can be continued stably. 

Moreover, when it is the scanning exposure type exposed by the projection aligner carrying out the 
synchronized drive of the substrate (W) to a mask (R) to the projection optical system (PL), as for the 
predetermined direction, it is desirable that it is the scanning direction of the substrate at the time of 
scanning exposure (W). In this case, it continues also during scanning exposure, filling between the 
points and the fi-ont faces of a substrate (W) of the optical element (4) by the side of the substrate (W) of 
the projection optical system (PL) can be continued with the liquid (7), and it can expose with high 
precision and stably. 

Moreover, it is desirable to prepare one pair or two pairs of piping for supply (27a) and piping for 
eccrisis (29a, 29b) in the direction which intersects perpendicularly in the predetermined direction by the 
arrangement corresponding to one pair of the piping for supply (21a) and piping for eccrisis (23a, 23b). 
In this case, in case step movement of the substrate (W) is made to carry out in the direction which 
intersects perpendicularly in the predetermined direction, filling between the points and the fi-ont faces 
of a substrate (W) of the projection optical system (PL) with the liquid (7) can be continued. 
Moreover, it is desirable to have the control system (14) which adjusts the amount of supply and the 
amount of recoveries of the liquid (7) according to the traverse speed of the substrate stage. That is, for 
example, when the traverse speed is quick, the amount of supply can be made to be able to increase, and 
the liquid can be filled with lessening the amoimt of supply, when the traverse speed is slow uniformly 
[ between the points and the firont faces of a substrate (W) of the projection optical system (PL) ] 
without fixtility. 

Moreover, the liquid (7) supplied to the fi-ont face of the substrate (W) is the pure water adjusted to 
predetermined temperature as an example, or a fluorine system inactive liquid. In this case, in for 
example, a semiconductor plant, the acquisition is easy for pure water, and it is satisfactory also in 
environment. Moreover, since the temperature control of the liquid (7) is carried out, the temperature 
control on the fi"ont face of a substrate can be performed, and the thermal expansion of the substrate (W) 
by the heat produced during exposure can be prevented. Although the Uquid naturally has the desirable 
one where the permeability to an exposure beam is higher, since the working distance of a projection 
optical system is short also at a low case, the absorbed dose of an exposure beam has very little 
permeability. 

Next, the manufacture method of the projection aligner by this invention The illumination system (1) 
which irradiates an exposure beam at a mask (R), and the projection optical system which imprints the 
image of the pattern of the mask on a substrate (W) (PL), So that between the substrate stage (9 10) to 
which hold the substrate (W) and it is made to move, and the points and the fi-ont faces of a substrate 
(W) of the optical element (4) by the side of the substrate (W) of the projection optical system (PL) may 
be filled The liquid feeder which supplies a predetermined liquid (7) along the predetermined direction 
through piping for supply (21a) (5), So that it may face across the irradiation field (4) of the exposure 
beam in the predetermined direction with piping for the supply (21a) It finishes setting up the liquid 
recovery system (6) which collects the liquids (7) from the front face of the substrate (W) through 
arranged piping for eccrisis (23a, 23b) by the position relation, and a projection aligner is manufactured. 
Moreover, the manufacture method of the 1st device by this invention It is the manufacture method of a 
device using the 1st projection exposure method of this invention. Illuminate a mask (R) with an 
exposure beam and the exposure process which imprints the pattern of the mask (R) on the substrate for 
the devices (W) through a projection optical system (PL) is included. In case a substrate (W) is moved 
along the predetermined direction in this exposure process, so that between the points and the front faces 
of a substrate (W) of the optical element (4) by the side of the substrate (W) of the projection optical 
system (PL) may be filled A predetermined liquid (7) is poured along the move direction of the substrate 
(W), an immersion method is applied, and a highly efficient device can be manufactured. 
Next, the 2nd projection exposure method by this invention illuminates a mask (R) with an exposure 
beam, and it changes the direction which pours the liquid according to the move direction of the 
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substrate while it pours a liquid (7) so that between the projection optical system and its substrate may 
be filled with the exposure beam in the projection exposure method which exposes a substrate (W) 
through a projection optical system (PL). 

Since according to the 2nd projection exposure method of this this invention an immersion method is 
appHed and between a projection optical system (PL) and substrates (W) is filled with the liquid,-izing 
of the wavelength of the exposure light in a substrate front face can be carried out [ short wavelength ] 
1/n time (n is the refractive index of a liquid) of the wavelength in air, and the depth of focus spreads 
[ be / under / air / comparing / it ] about n times further. Moreover, even if it is the case where the move 
direction of the substrate changes frequently by changing the direction which pours the liquid according 
to the move direction of the substrate, the liquid can be filled between the projection optical system and 
its substrate. 

Moreover, when the speed of supply of the liquid (7) is divided into the 1st component of the move 
direction of the substrate, and the 2nd component which intersects perpendicularly in the move direction 
and the 1st component is the move direction and retrose of the substrate (W), it is desirable to pour the 
liquid (7) so that it may become a size below a predetermined allowed value. By this, since the velocity 
compoment of the move direction of the substrate (W) and the liquid of a retrose becomes small, a 
liquid can be supplied smoothly. 

Moreover, it is more desirable to pour the liquid (7) to the same direction almost along the move 
direction of the substrate (W). 

Moreover, when the substrate (W) is exposed by step-and-repeat method or step - and - scanning 
method, it is desirable to pour the liquid (7) almost along the direction of stepping of the substrate (W). 
Moreover, while the mask (R) and its substrate (W) are displaced relatively to the exposure beam, 
respectively and carrying out scanning exposure of the substrate with the exposure beam, it is desirable 
during the scanning exposure to pour the liquid (7) almost along with the scanning direction of the 
substrate. 

Moreover, it is desirable to adjust the flow rate of the liquid (7) according to the traverse speed of the 
substrate (W). 

Next, using the 2nd projection exposure method of this invention, including the lithography process 
which has the process which imprints a device pattern on a substrate ( W), an immersion metiiod is 
applied and the manufacture method of the 2nd device by this invention can manufacture a highly 

efficient device. 

Next, the 2nd projection aligner by this invention illuminates a mask (R) with an exposure beam, and it 
is equipped with the liquid feeder (5) to which the direction which pours the liquid according to the 
move direction of the substrate is changed while it pours a liquid (7) so that between the projection 
, optical system and its substrate may be filled with the exposure beam in the projection aligner exposed 
on a substrate (W) through a projection optical system (PL). 

According to the 2nd projection aligner of this this invention, the 2nd projection exposure method of this 
invention can be enforced, and even if it is the case where the move direction of the substrate changes 
frequently, the liquid can be filled between the projection optical system and its substrate. 
Moreover, it has further the stage system (RST, 9-11) displaced relatively in the mask (R) and its 
substrate (W), respectively to the exposure beam, and, as for the liquid feeder (5), it is desirable during 
scanning exposure of the substrate to pour the liquid (7) almost along the move direction of the 
substrate. 

Moreover, it is desirable to have further the liquid recovery system (6) which collects the liquids (7) 
supplied between the projection optical system (PL) and its substrate (W). 

Moreover, as for the feed hopper (21a) and the recovery mouth of a liquid recovery system (6) (23a, 
23b) of the liquid feeder (5), it is desirable to be arranged across the irradiation field of the exposure 
beam. 

The best gestalt for inventing With reference to drawing 1 - drawing 4 , it explains per example of the 
gestalt of suitable operation of this invention hereafter. This example applies this invention, when 
exposing by the projection aligner of a step-and-repeat method. 
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Drawing 1 shows the outline composition of the projection aligner of this example, and the exposure 
light IL which consists of ultraviolet pulsed light with a wavelength of 248nm injected from the lighting 
optical system 1 containing the KrF excimer laser as the exposure light source, an optical integrator 
(homogenizer), a field diaphragm, a condensing lens, etc. illimiinates the pattern prepared in Reticle R in 
this drawing 1 . the pattern of Reticle R — a both-sides (or Wafer W side one side) tele cent — reduction 
projection is carried out to the exposure field on the wafer W with which the photoresist was applied 
through the rucksack projection optical system PL for the predetermined projection scale factor beta 
(beta is 1/4, and 1 / 5 grades) In addition, as an exposure light IL, you may use ArF excimer laser light 
(wavelength of 193mn), F2 laser beam (wavelength of 157nm), i line (wavelength of 365nm) of a 
mercury lamp, etc. The Z-axis is taken in parallel with the optical axis AX of a projection optical system 
PL hereafter, a Y-axis is taken at right angles to the space of drawing 1 within a flat surface 
perpendicular to the Z-axis, and the X-axis is taken and explained in parallel with the space of drawing 
1. 

Reticle R is held on a reticle stage RST, and the mechanism which moves Reticle R slightly to the 
direction of X, the direction of Y, and a hand of cut is included in the reticle stage RST. The two- 
dimensional position of a reticle stage RST and an angle of rotation are measured by real time with a 
laser interferometer (im-illustrating), and the main-control system 14 positions Reticle R based on this 
measurement value. 

On the other hand. Wafer W is being fixed on Z stage 9 which controls the focal position (position of a 
Z direction) and tilt angle of Wafer W through a wafer electrode holder (un-illustrating). Z stage 9 is 
fixed on the image surface of a projection optical system PL, and X-Y stage 10 which moves along with 
parallel XY flat surface substantially, and X-Y stage 10 is laid on the base 1 1. Z stage 9 controls the 
focal position (position of a Z direction) of Wafer W, and a tilt angle, doubles the front face on Wafer W 
with the image surface of a projection optical system PL by the autofocus method and the auto leveling 
method, and, as for X-Y stage 10, performs positioning of the direction of X of Wafer W, and the 
direction of Y. The two-dimensional position of Z stage 9 (wafer W) and the angle of rotation are 
measured by real time with the laser interferometer 13 as a position of the move mirror 12. Based on this 
measurement result, control information is sent to the wafer stage drive system 1 5 from the main-control 
system 14, and the wafer stage drive system 15 controls operation of Z stage 9 and X-Y stage 10 based 
on this. At the time of exposure, step movement of each shot field on Wafer W is carried out one by one 
in an exposure position, and operation which exposes the pattern image of Reticle R is repeated by the 
step-and-repeat method. 

Now, in this example, while shortening exposure wavelength substantially and improving resolution, the 
depth of focus applies an immersion method, in order to make it large substantially. Therefore, while 
imprinting the pattern image of Reticle R on Wafer W at least, the predetermined liquid 7 is filled 
between the front face of Wafer W, and the apical surface (inferior surface of tongue) of the lens 4 by 
the side of the wafer of a projection optical system PL. The projection optical system PL has the lens- 
barrel 3 which contains other optical system, and its lens 4, and it is constituted so that a liquid 7 may 
contact only a lens 4. The corrosion of the lens-barrel 3 which consists of a metal etc. is prevented by 
this. 

In addition, a projection optical system PL consists of two or more optical elements containing a lens 4, 
and the lens 4 is being fixed to the bottom of a lens-barrel 3 free [ attachment and detachment 
(exchange) ]. Although it is the closest to Wafer W, namely, the optical element in contact with a liquid 
7 is used as the lens in this example, the optical element may be optical plates (plane-parallel plate etc.) 
which it is not restricted to a lens and used for the optical property of a projection optical system PL, for 
example, adjustment of aberration (spherical aberration, comatic aberration, etc.). Moreover, since the 
front face of the optical element which originates in adhesion of the impurity in the scattering particle 
generated from a resist or a liquid 7 etc., and contacts a liquid 7 by irradiation of exposure light becomes 
dirty, it is necessary to exchange the optical element periodically. However, the cost of the substitute 
part is high in the optical element in contact with a liquid 7 being a lens, and the time which exchange 
takes becomes long, and elevation of a maintenance cost (running cost) and the fall of a throughput are 
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caused. Then, be made to let the optical element in contact with a liquid 7 be a plane-parallel plate 
cheaper than a lens 4. in this case, the case where the optical element in contact with a liquid 7 is used as 
a lens that what is necessary is just to exchange the plane-parallel plate just before supplying a liquid 7. 
even if the matter (for example, silicon system organic substance etc.) to which the permeability of a 
projection optical system PL, the illuminance of the exposure light on Wafer W, the homogeneity of an 
illumination distribution, etc. are reduced in the time of conveyance of a projection aligner, assembly, 
and adjustment etc. adheres to the plane-parallel plate — comparing — the exchange cost — low — ** — 
there is 

Moreover, by this example, pure water is used as a liquid 7. Pure water has an advantage without the bad 
influence to a photoresist, an optical lens, etc. on a wafer while being able to come to hand in large 
quantities easily by the semiconductor plant etc. Moreover, while pure water does not have a bad 
influence to environment, for a low reason, the content of an impurity can also expect extremely the 
operation which washes the front face of a wafer, and the front face of a lens 4. 
And since the refractive index n of the pure water( water) to the exposure light whose wavelength is 
about 250nm is about 1.4, wavelength of 248nm of KrF excimer laser light is short- v/avelength-ized by 
1/n, i.e., about 177nm, on Wafer W, and high resolution is obtained. Furthermore, when what is 
necessary is just to be able to secure the depth of focus of the same grade as the case where it is used in 
air since the depth of focus is expanded [ be / under / air / comparing / it ] to about n times, i.e., about 
1.4 times, it can make the numerical aperture of a projection optical system PL increase more, and its 
resolution improves also at this point. 

Through a predetermined exhaust nozzle etc., on Wafer W, the liquid 7 is supplied by the liquid feeder 5 
which consists of the tank of the liquid, a booster pump, a temperature controller, etc., where a 
temperature control is carried out, and it is recovered from on Wafer W through a predetermined inflow 
nozzle etc. by the liquid recovery system 6 which consists of a tank, a suction pump, etc. of the liquid. 
The temperature of a liquid 7 is set up to the same extent as the temperature in the chamber by which the 
projection aligner of this example is contained. And exhaust nozzle 21a to which the point became thin, 
and two inflow nozzles 23a and 23b (refer to drawing 2 ) to which the point became large are arranged 
so that the point of the lens 4 of a projection optical system PL may be pinched in the direction of X, 
exhaust nozzle 21a is connected to the liquid feeder 5 through a supply pipe 21, and the inflow nozzles 
23a and 23b are connected to the liquid recovery system 6 through the recovery pipe 23. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the projection exposure method which illimiinates a mask with an exposure beam and 
imprints the pattern of the aforementioned mask on a substrate through a projection optical system The 
projection exposure method characterized by to pour a predetermined liquid along the move direction of 
the aforementioned substrate so that between the point of the optical element by the side of the 
aforementioned substrate of the aforementioned projection optical system and the front faces of the 
aforementioned substrate may be filled in case the aforementioned substrate is moved along the 
predetemiined direction. 

[Claim 2] In the projection aligner which illuminates a mask with an exposure beam and imprints the 
pattern of the aforementioned mask on a substrate through a projection optical system So that between 
the substrate stage to which hold the aforementioned substrate and it is made to move, and the points of 
the optical element by the side of the aforementioned substrate of the aforementioned projection optical 
system and the front faces of the aforementioned substrate may be filled The liquid feeder which 
supplies a predetermined liquid along the predetermined direction through piping for supply. The liquid 
recovery system which collects the aforementioned liquids from the front face of the aforementioned 
substrate through piping for discharge arranged so that it may face across the irradiation field of the 
aforementioned exposure beam in the aforementioned predetermined direction with piping for the 
aforementioned supply. It Projection aligner characterized by perfomiing supply and recovery of 
the aforementioned liquid in case the aforementioned substrate stage is driven and the aforementioned 
substrate is moved along the aforementioned predetermined direction. 

[Claim 3] It is the projection aligner of claim 2 pubUcation. Projection aligner characterized by 
preparing piping for one pair of 2nd supplies of the arrangement which rotated the one aforementioned 
pair of piping for supply and 1 80 degrees of piping for discharge substantially, and piping for discharge. 
[Claim 4] It is a projection aligner a claim 2 or given in three. It is the projection aligner which the 
aforementioned projection aligner is a scanning exposure type exposed by carrying out the synchronized 
drive of a mask and the substrate to the aforementioned projection optical system, and is characterized 
by the aforementioned predetermined direction being a scanning direction of the aforementioned 
substrate at the time of scanning exposure. 

[Claim 5] It is a projection aligner claims 2 and 3 or given in four. Projection aligner characterized by 
preparing piping for one pair or two pairs which were reversed mutually of supplies, and piping for 
eccrisis in the direction which intersects perpendicularly in the aforementioned predetermined direction 
by the arrangement corresponding to the one aforementioned pair of piping for supply, and piping for 
eccrisis. 

[Claim 6] It is the projection aligner of a claim 2-5 given in any 1 term. Projection exposure neglect 
characterized by having the control system which adjusts the amount of supply and the amount of 
recoveries of the aforementioned Uquid according to the traverse speed of the aforementioned substrate 
stage. 

[Claim 7] It is the projection aligner of a claim 2-6 given in any 1 term. The aforementioned liquid 
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supplied to the front face of the aforementioned substrate is the pure water adjusted to predetermined 
temperature, or a projection aligner characterized by being a fluorine system inactive hquid. 
[Claim 8] The illumination system which irradiates an exposure beam at a mask, and the projection 
optical system which imprints the image of the pattern of the aforementioned mask on a substrate. So 
that between the substrate stage to which hold the aforementioned substrate and it is made to move, and 
the points of the optical element by the side of the aforementioned substrate of the aforementioned 
projection optical system and the front faces of the aforementioned substrate may be filled The liquid 
feeder which supplies a predetermined hquid along the predetermined direction through piping for 
supply. The manufactiu^e method of the projection aligner characterized by finishing by the position 
relation setting up the liquid recovery system which collects the aforementioned liquids from the front 
face of the aforementioned substrate through piping for eccrisis arranged so that it may face across the 
irradiation field of the aforementioned exposure beam in the aforementioned predetermined direction 
with piping for the aforementioned supply. 

[Claim 9] Are the manufacture method of a device using the projection exposure method of claim 1 
publication, illuminate a mask with an exposure beam, and the pattern of the aforementioned mask is set 
at this exposure process including the exposure process imprinted on a substrate through a projection 
optical system. The manufacture method of the device characterized by pouring a predetemiined hquid 
along the move direction of the aforementioned substrate so that between the point of the optical 
element by the side of the aforementioned substrate of the aforementioned projection optical system and 
the front faces of the aforementioned substrate may be filled in case the aforementioned substrate is 
moved along the predetermined direction. 

[Claim 10] In the projection exposiire method which illimiinates a mask with an exposure beam and 
exposes a substrate with the aforementioned exposure beam through a projection optical system The 
projection exposure method characterized by changing the direction which pours the aforementioned 
liquid according to the move direction of the aforementioned substrate while pouring a liquid so that 
between the aforementioned projection optical system and the aforementioned substrates may be filled. 
[Claim 11] It is the projection exposure method of claim 10 publication. It is the projection exposure 
method characterized by pouring the aforementioned liquid so that it may become a size below a 
predetermined allowed value, when the speed of supply of the aforementioned hquid is divided into the 
1st component of the move direction of the aforementioned substrate, and the 2nd component which 
intersects perpendicularly in this move direction and the 1st component of the above is the move 
direction and opposite direction of the aforementioned substrate. 

[Claim 12] It is the projection exposure method of claim 1 0 publication. The projection exposure 
method characterized by pouring the aforementioned hquid to the same direction almost along the move 
direction of the aforementioned substrate. 

[Claim 13] It is the projection exposure method of claim 12 publication. The aforementioned substrate is 
the projection exposure method characterized by being exposed by step-and-repeat method or step - and 
- scaiming method, and pouring the aforementioned liquid almost along the direction of stepping of the 
aforementioned substrate. 

[Claim 14] It is the projection exposure method a claim 12 or given in 13. The projection exposure 
method of carrying out pouring the aforementioned liquid almost along with the scarming direction of 
the aforementioned substrate during the aforementioned scaiming exposure as the feature while the 
aforementioned mask and the aforementioned substrate are displaced relatively to the aforementioned 
exposure beam, respectively and carrying out scanning exposure of the aforementioned substrate with 
the aforementioned exposure beam. 

[Claim 15] It is the projection exposure method of a claim 10-14 given in any 1 term. The projection 
exposure method characterized by adjusting the flow rate of the aforementioned liquid according to the 
traverse speed of the aforementioned substrate. 

[Claim 16] The manufacture method of the device characterized by including the lithography process 
which has the process which imprints a device pattern on a substrate using the projection exposure 
method of a claim 10-15 given in any 1 term. 
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[Claim 1 7] In the projection aligner which illuminates a mask with an exposure beam and is imprinted 
^ on a substrate with the aforementioned exposure beam through a prcjaction optical system The 
projection exposure method characterized by having the liquid feeder to which the direction which pours 
the aforementioned liquid according to the move direction of the aforementioned substrate is changed 
while pouring the liquid so that between the aforementioned projection optical system and the 
aforementioned substrates might be filled. 

[Claim 18] It is the projection aligner of claim 17 publication. It is the projection aligner characterized 
by the aforementioned Uquid feeder pouring the aforementioned liquid so that it may become a size 
below a predetermined allowed value, when the 1st component of the above is the move direction and 
opposite direction of the aforementioned substrate when the speed of supply of the aforementioned 
liquid is divided into the 1st component of the move direction of the aforementioned substrate, and the 
2nd component which intersects perpendicularly in this move direction. 

[Claim 19] It is the projection aligner of claim 18 publication. It is the projection aligner which the 
aforementioned substrate is exposed by step-and-repeat method or step - and - scanning method, and is 
characterized by the aforementioned liquid feeder pouring the aforementioned hquid almost along the 
direction of stepping of the aforementioned substrate. 

[Claim 20] It is the projection aligner of a claim 17-19 given in any 1 term. It is the projection aligner 
which is further equipped with the stage system displaced relatively in the aforementioned mask and the 
aforementioned substrate to the aforementioned exposure beam, respectively, and is characterized by the 
aforementioned liquid feeder pouring the aforementioned liquid almost along the move direction of the 
aforementioned substrate during scanning exposure of the aforementioned substrate. 
[Claim 21] It is the projection aligner of a claim 17-20 given in any 1 term. Projection aligner 
characterized by having further the liquid recovery system which collects the liquids supplied between 
the aforementioned projection optical system and the aforementioned substrate. 
[Claim 22] It is the projection aligner of claim 21 publication. The feed hopper of the aforementioned 
liquid feeder and the recovery mouth of the aforementioned liquid recovery system are a projection 
aligner characterized by being arranged across the irradiation field of the aforementioned exposure 
beam. 



[Translation done.] 
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